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Introduction 


Angiogenesis  plays  a  critical  role  in  the  development  of  many  types  of  tumors,  including 
mammary  tumorigenesis  [reviewed  in  (6,  7)].  Transgenic  expression  of  an  activated  form  of  the 
cytoplamic  tyrosine  kinase  Fps  gave  rise  to  mice  with  pronounced  hyperplasia  implicating  this 
kinase  in  angiogenic  mechanisms  (3).  Our  work  to  date  has  focused  on  numerous  aspects  of  the 
angiogenic  mechanism  that  may  potentially  involve  Fps  which  has  led  to  several  developments 
along  this  line  of  investigation.  Many  of  these  developments  specifically  address  Objectives  in 
the  Statement  of  Work  which  were  designed  to  investigate  the  nature  of  the  role  of  Fps  in 
angiogenesis.  However,  other  developments  have  also  arisen  that  were  not  originally 
anticipated.  These  developments  have  fhrther  illuminated  how  Fps  may  regulate  angiogenic 
mechanisms.  In  addition  to  angiogenesis,  Fps  has  also  been  implicated  in  coagulation, 
immunity,  and  inflammation  [reviewed  in  (5)],  all  of  which  are  highly  inter-related  and  are  very 
relevant  to  the  process  of  tumorigenesis.  Thus,  Fps  may  play  an  important  role  in  modulating 
tumorigenesis  not  only  through  angiogenesis,  but  through  these  other  processes  as  well. 
Understanding  how  Fps  may  fulfill  this  role  will  be  crucial  for  developing  specific  therapeutics 
designed  to  combat  breast  cancer. 

Progress  associated  with  Statement  of  Work 

Objective  #1:  Assessment  of  the  effect  of  fps  and  fer  allelic  variant  on  tumorigenesis  in  a 
mouse  breast  tumor  model. 

a.  We  have  successfully  generated  breeding  pairs  designed  to  give  offspring  that  will 
generate  tumors  in  fps^,  and  fps^^  genetic  backgroimds.  Generation  of  breeding 
pairs  which  give  rise  to  tumorigenic  fp^^/fp^^  and  fet^^  mice  has  been  delayed  due  to 
time  constraints  and  resources. 

b.  Tiunor  diameter  is  currently  being  monitored  in  mice  with  fps^  and  fps^  genetic 
backgroimds  and  is  nearing  completion.  Contrary  to  what  we  expected,  there  is  an  early 
onset  of  tumorigenesis  in  the  context  of  jps^  and  jp^^  genetic  backgrounds.  There  have 
been  problems  generating  sufficient  number  of  tumorigenic  mice  with  a  fp^^  genetic 
background.  It  is  suspected  that  embryos  of  this  genotype  are  dying  in  utero;  this  may  be 
expected  since  there  is  some  evidence  for  decreased  viability  of  offspring  from 
hemizygous  Jp^^  x  wild-type  {wt)  breeding  pairs. 

c.  Lung  metastases  is  currently  being  monitored  in  tumorigenic  mice  harboring  jps^  and 
fi)s^  alleles. 

d.  We  have  quantified  the  vascular  area  in  fp^^  mice  using  intra-vital  microscopy  on 
cremaster  muscle.  Our  results  indicate  that  there  is  a  1.7-fold  increase  in  vascular  area  in 
these  mice.  The  analysis  also  revealed  that  the  vascular  system  is  highly  disorganized 
and  tortuous  in  nature. 

Objective  #2:  Assessment  of  the  endothelial  cell  (EC)  immortalizing  ability  of^s  relative 
to  the  known  EC  immortalizing/transforming  agent  polyoma  middle  T(PymT). 

a.  pMSCV-based  retroviruses  encoding  '?ymT,fps,jp^^  and  fp^^  have  been  successfully 
generated  for  the  purposes  of  transducing  primary  cells  derived  from  day  12  yolk-sacs. 
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b.  Primary  cells  from  day  12  yolk-sacs  of  wt  mice  were  transduced  with  the  retroviruses 
generated  in  Objective  #2a  and  transduced  cells  were  isolated  using  puromycin  drug 
selection.  Preliminary  attempts  to  quantify  EC  composition  failed  either  because  the  EC 
marker  employed  was  not  ideal,  or  because  the  level  of  ECs  in  the  selected  cells  was 
extremely  low.  Work  on  this  objective  is  ongoing,  although  priority  has  temporarily 
been  lowered  in  favor  of  other  objectives. 

Objective  #3:  Generation  of  EC  lines  from  different  fps  genetic  backgrounds  for  in  vitro 

studies. 

a.  pMSCV-based  retroviruses  encoding  PymT  and  SV40-T  have  been  successfully 
generated. 

b.  Several  attempts  have  been  made  at  generating  endothelial  cells  from  aortic  and  limg 
explants.  These  attempts  were  complicated  by  the  known  difficulty  and  inconsistency  of 
these  methods.  In  most  cases  the  cell  cultures  generated  from  the  explants  were  highly 
heterogeneous.  Cultures  appeared  largely  fibroblast-like  after  transduction  and  selection 
with  PymT.  Subsequent  viable  cell-sorting  using  EC-specific  markers  has  proven  to  be 
very  difficult.  We  are  currently  assessing  the  possibility  of  employing  magnetic  cell 
sorting  to  isolate  EC  cells  for  the  purposes  of  generating  EC  lines. 

Objective  #4:  Assessment  of  the  role  of  Fps  in  angiogenesis  in  vitro. 

a.  Experiments  preparing  mouse  fibrin-immobilized  aorta  and  yolk-sac  from  wt  and  fps^^ 
genetic  backgrounds  have  been  performed.  We  have  successfully  been  able  to  observe 
neovascularization  into  the  surrounding  fibrin  matrix  using  these  types  of  organ  explants 
and  are  currently  assessing  neovasculariztion  in  abdominal  muscle  fragments. 

b.  Preliminary  experiments  have  not  indicated  any  significant  differences  in  neo¬ 
vascularization  between  wt  and  mice  in  yolk-sac  explants.  These  results  are  not 
conclusive  however,  because  we  have  been  unable  to  observe  consistent 
neovascularization  even  within  the  same  genotype.  We  are  currently  optimizing  this 
protocol. 

c.  Assessment  of  angiogenesis  using  perforated  polycarbonate  chambers  implanted  in  mice 
has  not  been  performed,  as  we  are  awaiting  the  results  from  Objective  4b. 

d.  Completion  of  Objective  3b  is  required  for  testing  the  ability  of  immortalized  ECs  to 
form  tubules  in  fibrin-gels. 

e.  Cl 66  cell  lines  expressing  myc-epitope-tagged  forms  of  kinase-inactive  Fps  (FpsKR), 
myristoylated  Fps  (MFps)  and  Fps  have  been  generated. 

f.  We  have  tested  the  ability  of  cell  lines  generated  in  Objective  4e  to  form  tubules  in  fibrin 
gels.  Preliminary  results  have  not  demonstrated  any  differences  in  the  tubule-formation 
capacity  of  these  cell  lines. 

Objective  #5:  Assessment  of  coagulation  and  fibrinolytic  parameters  in  fps/^^  mice. 

a.  Standardized  PT  and  APTT  assay  have  been  scheduled  to  be  completed  in  months  25-30. 
However,  we  have  determined  coagulation  parameters  using  platelet  aggregation  and  tail 
bleeding  assays  (see  key  accomplishments  below). 

b.  In  vitro  clot  lysis  assays  have  been  scheduled  to  be  completed  in  months  3 1  -36. 
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Objective  #6:  Examination  of  proteolytic  expression  profiles  of  cell  lines  expressing  Fps. 

a.  Matrix  metalloproteinase  expression  profiles  of  primary  macrophages  have  been 
examined.  We  have  observed  enhanced  gelatinase  activity  of  a  band  migrating  at  90  kDa 
in  Jp:^^  mice.  The  identity  of  this  band  is  unknown,  although  based  on  migration 
characteristics  it  may  represent  MMP9  which  has  been  heavily  implicated  in 
proangiogenic  function. 

b.  Examination  of  uPA  and  MMP-2/-9  activity  of  cell  cultures  of  immortalized  ECs  will  be 
completed  pending  achievement  of  Objective  #3.  However,  uPA  and  MMP-2/-9 
expression  levels  of  the  cell  lines  generated  in  Objective  4e  are  currently  being  tested. 

Objective  #7:  Elucidation  of  the  role  of  Fps  in  signaling  pathways  potentiated  by  VEGF, 
bFGF  and  thrombin. 

a.  We  are  continuing  our  study  on  thrombin  signaling  in  Cl 66  cells.  We  initially  observed 
that  Fps/myristoylated  Fps  (MFps)  is  activated  dovmstream  of  the  thrombin  receptor  in 
Cl 66  cells.  Our  data  to  date  suggest  that  the  activation  of  Fps/MFps  is  a  late  event  and 
appears  to  be  dependent  on  cell  density.  Delayed  Fps/MFps  activation  suggests  that 
these  proteins  are  phosphorylated  in  response  to  an  autocrine  system  triggered  by 
thrombin  stimulation.  We  are  currently  delineating  the  mechanics  of  this  response. 
Preliminary  studies  have  shown  that  Cl 66  cells  are  insensitive  to  basic-fibroblast  growth 
factor  (bFGF)  and  vascular  endothelial  growth  factor  (VEGF),  however,  we  have 
observed  rapid  dose-dependent  activation  of  these  cells  to  platelet-derived  growth  factor 
(PDGF),  a  factor  known  to  be  essential  for  vasculogenesis. 

b.  bFGF,  VEGF,  and  thrombin  signaling  in  immortalized  ECs  in  the  different  Fps  genetic 
backgroimds  will  begin  upon  completion  of  Objective  #3. 

Key  accomplishments  related  to  Fps  and  its  role  in  angiogenesis. 

•  Early  onset  of  tumorigenesis  has  been  observed  in  jps^  and  genetic  backgrounds. 
There  was  no  change,  however,  in  the  rate  of  tumorigenesis.  Early  onset  is  contrary  to 
our  expectations  and  suggests  that  Fps  may  play  a  role  as  a  tumor  suppressor. 

•  Using  intra-vital  microscopy  of  cremaster  muscle,  we  have  determined  that  there  is  a  1 .7- 
fold  increase  in  total  blood  vessel  area  of  mice.  We  also  report  that  the  vascular 
system  is  highly  disorganized  and  tortuous  in  nature. 

•  MFps  is  activated  in  immortalized  endothelial  Cl  66  cells  dovmstream  of  PDGF,  a  growth 
factor  that  has  been  implicated  in  vascular  remodeling. 

•  Understanding  the  general  physiological  phenotype  of  jps^^  mice  will  be  essential  for 
uncovering  the  basis  of  the  proangiogenic  phenotype  of  these  mice.  To  date,  we  have 
observed,  splenomegaly,  cardiomegaly,  and  decreased  steady-state  levels  of  blood 
pressure  in  fjp^^  mice.  In  addition,  there  may  be  defects  in  vascular  integrity,  as 
suggested  by  experiments  showing  compromised  histamine-induced  vascular 
permeability. 
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•  Macrophages  are  important  modulators  of  angiogenesis.  Fps  has  been  highly  implicated 
in  myelopoiesis,  the  process  which  gives  rise  to  granulocytes,  and  monocytes. 
Macrophages  are  activated  monocytes  and  Fps  has  been  shown  to  be  expressed  at  high 
levels  in  both  immature  myeloid  cells  and  in  monocytes/macrophages  [reviewed  in  (5)]. 
We  therefore  hypothesized  that  Fps  may  modulate  angiogenesis  through  an  effect  on 
macrophages.  Hematological  analysis  has  revealed  increased  output  of  cells  of  the 
myeloid  lineage,  and  bone-marrow  and  spleen  flow-analysis  has  suggested  some  minimal 
perturbations  in  myelopoiesis.  In  addition,  GM-CSF  signaling  may  be  altered  in  bone- 
marrow  macrophages  islolated  from  these  mice.  Taken  together,  these  results  suggest 
that  myelopoiesis  may  be  perturbed  to  some  extent  in  mice. 

•  Hematological  analysis  has  also  revealed  decreased  output  of  platelets  and  RBCs.  This 
output  is  coupled  with  observations  of  increased  erythroid  progenitor  levels  in 
mice.  Pathological  examination  of  these  mice  using  electron-  and  light-microscopy  has 
shown  that  platelet  populations  of  increased  size  exist.  There  also  exists  a  heterogeneous 
array  of  red  blood  cell  structural  defects  including  acanthocytosis.  These  data  provide 
additional  evidence  of  perturbed  myelopoiesis  in  these  mice.  Moreover,  the  existence  of 
RBC  and  platelet  defects  suggests  that  coagulation  may  be  perturbed  in  these  mice. 
Indeed,  we  have  observed  compromised  platelet  aggregation  and  bleeding  defects  in 
these  mice  and  we  will  be  further  investigating  coagulation  function  in  Objective  #5. 
Reports  describing  defects  in  platelet  aggregation  have  been  submitted  for  publication 
(See  below).  Interestingly,  platelets  play  important  roles  in  the  highly  inter-related 
processes  of  coagulation  and  angiogenesis  (2).  Thus,  it  is  possible  that  certain  aspects  of 
the  mechanism  of  angiogenesis  in  these  mice  may  be  indirectly  affected  as  a  result  of 
coagulation  defects  arising  from  compromised  platelet  aggregation  or  from  other 
coagulation-associated  defects. 

Reportable  Outcomes 

Abstracts 

W.  Sangrar,  R.A.  Zimgibl,  J.  Mewbum,  Y.A.  Senis,  C.  Chapler,  D.H.Lee  and  P.A.  Greer.  A 
murine  transgenic  line  expressing  a  myristylated  form  of  Fps/Fes  is  characterized  by 
disorganized  hyper-vascular  patterning  and  peripheral  blood  defects.  Blood  98,  31a.  43’'“^  Annual 
A.S.H.  Meeting.  Orlando,  Florida,  7*'’- 12*'*  December,  2001. 

Manuscripts  submitted  for  publication  June  2002 

Y.A.  Senis,  W.  Sangrar,  R.A.  Zimgibl,  A.W.B.  Craig,  D.H.  Lee,  and  P.A.  Greer.  Fps/Fes  and 
Fer  Nonreceptor  Protein-Tyrosine  Kinases  Regulate  Collagen-  and  ADP-Induced  Platelet 
Aggregation.  Submitted  to  Journal  of  Cell  Biology,  June  2002 

W.  Sangrar,  Y.A.  Senis,  M.  Richardson,  and  Peter  A.  Greer.  Transgenic  Mice  Expressing  an 
Activated  Mutant  Fps/Fes  Nonreceptor  Protein-Tyrosine  kinase  are  Characterized  by  Bleeding 
Defects,  Thrombocytopenia  and  Increased  Platelet  Volume,  Submitted  to  Journal  of  Cell 
Biology,  Jime  2002. 
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Conclusions 


In  genetic  backgrounds  in  which  there  is  a  loss-of-Fps-function  {fps^  and  fp^  genetic 
backgrounds)  we  have  observed  an  increased  onset  of  tumorigenesis.  Angiogenesis  is  a  known 
critical  step  in  tumorigenesis  and  therefore  we  had  expected  a  late  onset  based  on  the  hypothesis 
that  loss-of-function  mice  maybe  hypo-angiogenic.  This  hypothesis  is  derived  from  knowledge 
of  the  proangiogenic  phenotype  of  jp:^^  mice.  The  results  reported  here,  are  nonetheless 
intriguing  since  they  suggest  a  role  for  Fps  in  tumorigenesis  as  a  potential  tumor  suppressor. 
Thus,  it  will  be  important  to  address  the  how  Fps  may  behave  as  a  suppressor  of  breast 
tumorigenesis.  It  will  also  be  important  to  address,  whether  gain-of-function  Fps  variants  {fp^^ 
mice)  are  associated  with  delayed  tumorigenesis.  If  so,  it  could  provide  the  rational  for  the 
design  of  therapeutics  that  mimic  the  tumor-suppressor-like  effects  of  Fps  on  tumorigenesis 

The  presence  of  a  proangiogenic  phenotype  in  Jp^^  mice  underscores  an  important  role 
for  this  kinase  in  regulating  mechanisms  of  angiogenesis.  Understanding  the  nature  of  this  role 
is  important  in  order  to  provide  the  rational  for  the  design  of  anti-angiogenesis  inhibitors  for  the 
treatment  of  breast  and  other  cancers.  Fps  is  highly  expressed  in  macrophages(4),  platelets 
(Senis  et  al,  submitted  for  publication),  and  ECs  (1)  and  we  are  examining  the  role  of  Fps  in 
these  cells.  Studies  to  date  have  shown  that  the  ontogeny  of  development  of  these  cell  types 
appears  abnormal  in  fp^^  mice  and  there  appear  to  be  Fps-associated  defects  in  the  function  of 
these  cells  including  defects  in  platelet  aggregation.  Since  these  cell  types  play  very  important 
roles  in  both  of  the  highly  inter-related  processes  of  coagulation  and  angiogenesis  (2),  it  is  likely 
that  Fps  may  modulate  vessel  development  through  effects  on  ontogeny  and  function  of 
macrophages,  platelets  and  ECs. 


References 


1 .  Aiello,  L.  P.,  G.  S.  Robinson,  Y.  W.  Lin,  Y.  Nishio,  and  G.  L,  King.  1 994. 
Identification  of  multiple  genes  in  bovine  retinal  pericytes  altered  by  exposure  to  elevated 
levels  of  glucose  by  using  mRNA  differential  display.  Proc  Natl  Acad  Sci  USA 
91:6231-5. 

2.  Browder,  T.,  J.  Folkman,  and  S.  Pirie-Shepherd.  2000.  The  hemostatic  system  as  a 
regulator  of  angiogenesis.  J  Biol  Chem  275:1521-4. 

3.  Greer,  P.,  J.  Haigh,  G.  Mbamalu,  W.  Khoo,  A.  Bernstein,  and  T.  Pawson.  1994.  The 
Fps/Fes  protein-tyrosine  kinase  promotes  angiogenesis  in  transgenic  mice.  Mol  Cell  Biol 
14:6755-63. 

4.  Greer,  P.,  V.  Maltby,  J.  Rossant,  A.  Bernstein,  and  T.  Pawson.  1990.  Myeloid 
expression  of  the  human  c-:fys/fes  proto-oncogene  in  transgenic  mice.  Mol  Cell  Biol 
10:2521-7. 

5.  Greer,  P.  A.  2002.  Closing  in  on  the  biological  functions  of  Fps/Fes  and  Fer.  Nature 
Reviews  Molecular  Cell  Biology  3:278-289. 

6.  Kerbel,  R.  S.  2000.  Tumor  angiogenesis:  past,  present  and  the  near  future. 
Carcinogenesis  21:505-15. 

7.  Risau,  W.  1997.  Mechanisms  of  angiogenesis.  Nature  386:671-4. 


8 


